Abstract. The aim of this study was to elucidate the importance of three tumor markers, ·-fetoprotein (AFP), Lens culinaris agglutinin A-reactive fraction of AFP (AFP-L3), and des-Á-carboxy prothrombin (DCP), for detecting and predicting the recurrence of hepatocellular carcinomas (HCCs). A total of 108 patients with initial non-advanced HCC who underwent curative radiofrequency ablation (RFA) in our hospital were enrolled in this study. The effectiveness of the three tumor markers for detecting recurrence and recurrence-free survival was analyzed. Positivity of these three makers was not markedly increased at the first or second recurrence. In addition, there was no significant correlation between the initial and recurrent levels of each tumor marker. The tumor marker that was positive at the time of initial HCC was not necessarily positive at recurrence. The tumor marker levels at recurrence were not correlated with pre-ablation levels. No significant correlation was found in the tumor marker values between pre-ablation and the time of recurrence. On multivariate analysis, high AFP-L3 levels (≥10%) were significantly predictive of recurrence-free survival. All three tumor markers should be routinely measured to detect recurrence during follow-up after RFA. Especially high AFP-L3 levels should be followed closely.
Introduction
Hepatocellular carcinoma (HCC) is one of the most common malignancies worldwide, and its incidence is still increasing in various regions (1) (2) (3) . Current options for the treatment of HCC consist of surgical resection, orthotropic liver transplantation, transcatheter arterial embolization (TACE) and percutaneous ablation therapy. Surgical resection has been considered to be the best treatment for early-stage HCCs, but only 9-29% of patients with HCC are candidates for surgery, owing to either underlying chronic liver disease resulting in poor hepatic reserve or a multifocal distribution of tumor nodules (4) . Radiofrequency ablation (RFA) was first described by Rossi et a (5) and it is a relatively new technique for local HCC therapy, with many studies having demonstrated its clinical utility and safety (6) (7) (8) . A high local cure rate can be achieved without adversely affecting background liver function, and it has been playing an important role in the treatment of HCC (9) .
We have shown that RFA combined with chemoembolization provides overall and recurrence-free survival rates comparable to those achieved with hepatectomy in patients with early-stage HCC (4) . The local tumor progression rate following RFA combined with chemoembolization (combination therapy) was lower than the rates in previous studies that used RFA alone (10) (11) (12) . Despite good control of treated lesions, new tumors frequently occur, resulting in high distant recurrence rates (4, 6) .
Therefore, it is very important to detect recurrence of HCCs early. For this purpose, serum tumor markers have been used for a long time because of their convenience, inexpensiveness, and their satisfactory accuracy, and they could be valuable supplementary investigations to ultrasonography and computer tomography (CT) for the diagnosis of HCC. Using an appropriate single tumor marker or combination of tumor markers may improve the effectiveness of screening HCC patients (13) .
Several tumor markers for HCC have been reported (14) (15) (16) (17) (18) (19) (20) . Three tumor markers specific to HCC are currently used in Japan, AFP, AFP-L3 and DCP, which is also referred to as protein induced by vitamin K absence II (PIVKA II) (21) .
Previous reports have detailed the usefulness of each of these tumor markers in the early detection and diagnosis of HCC, the evaluation of tumor progression, and the determination of patient prognosis (21) (22) (23) (24) (25) (26) , although these tumor markers do not demonstrate high positivity in patients with small (e.g., less than 2 cm in maximum diameter) HCC (27, 28) . Of these, AFP shows relatively low specificity (29) because AFP increases in association with hepatocyte regeneration and is also associated with serum alanine aminotransferase activity (9) . These studies recommend the simultaneous measurement of these tumor markers in the follow-up of patients with chronic liver diseases. However, only a few studies have examined the significance of tumor markers in the prediction, detection and diagnosis of HCC recurrence after local curative treatment using RFA. Therefore, we investigated the use of these three tumor markers in the detection of recurrent HCCs after curative ablation. Furthermore, in cases with a liver nodule that showed hyperattenuation in the arterial phase of the dynamic study and washout in the portal or delayed phase or typical hypervascular staining on digital subtraction angiography, the nodule was diagnosed as HCC. When the nodule did not show the abovementioned typical imaging features, a fine-needle aspiration biopsy was carried out for histological examination and diagnosis.
Patients and methods

Patients
In this study, 72 (67%) patients had a single HCC nodule and 36 (33%) had multiple nodules. The median (range) maximum tumor diameter was 2.4 cm (1-5); 23 (21%) patients had tumors of ≥3 cm and 85 (79%) patients had tumors <3 cm (Table I ). The median (range) follow-up period was 32.3 (6.1-76) months.
Chemoembolization. All patients underwent chemoembolization prior to RFA. After celiac, superior mesenteric and hepatic arteriography, a 3F micro-catheter (Micro Pheret, William Cook Europe, Bjaevevskov, Denmark) was advanced into the arteries supplying each tumor. The feeding arteries were embolized with gelatin sponge particles (Spongel, Yamanouchi, Tokyo, Japan) after a mixture of 2-8 ml iodized oil (Lipiodol Ultra-Fluid, Mitsui, Tokyo, Japan) and 40 mg of epirubicin hydrochloride (Farmorubicin, Kyowa Hakko, Tokyo, Japan) was injected into the arteries.
Radiofrequency ablation. Because the gelatin sponge remains in the tumor for 2-3 weeks after chemoembolization, RFA was generally performed within 2 weeks after TACE. RFA was performed using a 17-gauge, straight electrode with a 2-or 3-cm exposed tip (Cool-tip single needle, Radionics, Burlington, MA, USA) connected to an RF generator (Cooltip RF generator, Radionics).
If the ablation was thought to be incomplete, the second ablation session was performed the next week to complete therapy. The end-point of RFA was the presence of a welldefined area of non-enhancing tissue, consisting of the treated tumor with a tumor-free margin of at least 5 mm in the arterial and portal phases on enhanced CT imaging. Patients received additional sessions of ablation until complete ablation was confirmed in each nodule.
Therapeutic effects and diagnosis of recurrence. Contrastenhanced CT was performed to evaluate local therapeutic effects 1 week after RFA to check the efficacy of therapy. Subsequently, contrast-enhanced CT was performed every Table I . Baseline characteristics of the patients.
Gender (male/female) 77 (71)/31 (29) HBsAg positive 10 (9) HCVAb positive 89 (82) AST (IU/ml) a 52. 
a Data are expressed as median (range). HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; AST, aspartate aminotransferase; ALT, alanine aminotransferase.
3 months to detect recurrence early. If a hepatic tumor was detected but did not present the typical enhancement pattern on CT, superparamagnetic iron oxide-enhanced magnetic resonance imaging was performed. In this study, 8 cases received anti-viral therapy with interferon after RFA, and HCV disappeared in three patients. Also, 600 mg of ursodeoxycholic acid were given to most patients. Distant recurrence was defined as the appearance of new tumors at an intrahepatic site distant from the treated tumors. When recurrence was suspected, angiography together with CTAP and CTHA was performed to make a definitive diagnosis.
Measurement of tumor markers. AFP, AFP-L3 and DCP levels were measured in serum samples obtained from each patient at the time of HCC diagnosis. The serum AFP levels were determined by enzyme-linked immunosorbent assay using a commercially available kit (ELISA-AFP, International Reagents, Kobe, Japan). Serum AFP-L3 levels were measured by lectin-affinity electrophoresis coupled with antibodyaffinity blotting (AFP Differentiation kit L, Wako Pure Chemical Industries, Ltd., Osaka, Japan) and expressed as a percentage of the total AFP (AFP-L3 level/total AFP X 100). The serum DCP levels were determined by sensitive enzyme immunoassay (Eitest PIVKA II kit, Eisai Laboratory, Tokyo, Japan) according to the manufacturer's instructions. The cut-off levels for each tumor marker were 100 ng/dl for AFP, 10% for AFP-L3 and 40 mAU/ml for DCP, based on previous reports. AFP-L3 in patients with AFP values <10 ng/ dl was determined as 0%, because AFP-L3 is normally quantifiable only in patients with AFP values above 10 ng/dl.
Statistical analysis. Survival and recurrence-free survival rates were computed using Kaplan-Meier estimates, and the Kaplan-Meier method and log-rank test were used to analyze predictive factors for recurrence-free survival of HCC. To identify independent factors associated with the recurrencefree survival rates, various likely predictors associated with recurrence-free survival on univariate analysis were subjected to multivariate analysis.
The Cox proportional hazards model was used for multivariate analysis. The factors included for analyses were patient aspartate aminotransferase (AST ≥52 IU/l/<52 IU/l), alanine aminotransferase (ALT ≥45 IU/l/<45 IU/l), serum albumin (Alb ≤3.5 g/dl/>3.5 g/dl), prothrombin time (PT <84%/≥84%), platelet counts (Plt <10x10 4 /≥10x10 4 /mm 3 ), pretreatment AFP-L3 level (<10%/≥10%) and pretreatment DCP level (<40 mAU/ml/≥40 mAU/ml). A P-value <0.05 was considered statistically significant. Analyses were performed using the StatView statistics package (SAS Institute, Cary, NC, USA).
Results
Overall recurrence-free survival rate and recurrence rate after initial RFA. The recurrence-free survival rates were 86.2 and 23.2% at 1 and 5 years, respectively. Of the 108 patients, 2 had local recurrences during the follow-up period. Locally recurrent tumors were treated by TACE followed by RFA. The overall local recurrence rate was 3.5%, and the overall distant recurrence rate was 66.3% at 5 years (data not shown).
Pre-treatment positivity for each tumor marker. We defined AFP equal to or >100 ng/ml, AFP-L3 equal to or >10% and DCP ≥40 mAU/ml as positive. Table II shows the rate of AFP, AFP-L3 and DCP positivity: 21 (19%) patients were positive for AFP, 25 (23%) patients were positive for AFP-L3 and 44 (41%) patients were positive for DCP before initial HCC treatment, while 47 (44%) patients were positive for none of these three markers.
Positive tumor marker rates at HCC recurrence. To verify the importance of three tumor markers for the diagnosis of recurrence, the positivity rates for each tumor marker at the initial diagnosis, first recurrence, and second recurrence were established. AFP was positive in 19%, 14% of patients at the initial diagnosis and first recurrence, then increased to 33% of patients at the second recurrence. AFP-L3 was positive in 23% at initial diagnosis, then increased to 33% at first recurrence, but decreased to 20% at second recurrence. DCP was positive in 41%, 47% at the initial diagnosis and first recurrence, then decreased to 27% of patients at the second recurrence (Fig. 1) . The number of positive tumor markers did not increase with repeated recurrence (Fig. 2) .
Tumor markers pre-ablation and at recurrence. We plotted the values of each tumor marker immediately before ablation and at recurrence. For each tumor marker, no correlation was found between the pre-ablation value and the value at the time of recurrence (AFP, R=0.079 P=0.461; AFP-L3, R=0.064 P=0.704; DCP, R=0.015 P=0.893) (Fig. 3) .
Interestingly, in the patients who were positive for AFP, AFP-L3 and DCP at the initial HCC, 82, 44 and 42% were negative for the corresponding marker at the time of recurrence, respectively. Furthermore, in the patients who were negative for AFP, AFP-L3 and DCP at the initial HCC, 18, 26 and 29%, respectively, were positive for the corresponding marker when recurrence was diagnosed (data not shown). Table II . Tumor marker levels. 44 (41) AFP, ALP-L3, DCP <100 ng/dl, <10% and <40 mAU/ml 47 (44) ≥100 ng/dl or ≥10% or ≥40 mAU/ml 61 (56)
AFP, ·-fetoprotein; AFP-L3, Lens culinaris is agglutinin A-reactive fraction of ·-fetoprotein; DCP, des-Á-carboxy prothrombin.
-------------------------------------------------
Recurrence-free survival rate after RFA by tumor marker. In the patients with AFP (100 ng/dl, recurrence-free survival rates were 66.6 and 22.2% at 2 and 4 years, respectively, whereas in the patients with AFP <100 ng/dl, recurrence-free survival rates were 60.8 and 24.4% at 2 and 4 years, respectively (NS) (Fig. 4A) . In the AFP-L3 (10% patients, recurrencefree survival rates were 41.9 and 11.2% at 2 and 4 years, respectively, whereas in the AFP <10% patients, recurrencefree survival rates were 67.8 and 26.5% at 2 and 4 years, respectively (P<0.05) (Fig. 4B) . In the DCP (40 mAU/dl patients, recurrence-free survival rates were 44.6 and 20.6% at 2 and 4 years, respectively, whereas in the DCP <40 mAU/ dl patients, recurrence-free survival rates were 72.0 and 23.3% at 2 and 4 years, respectively (NS) (Fig. 4C) . Table III shows the predictive factors for cumulative recurrencefree survival according to the Kaplan-Meier method in all patients. Significantly lower recurrence-free survival rates were seen in cases with low Alb levels and high AFP-L3 levels on univariate analysis. Table IV shows the predictive factors for cumulative recurrence-free survival after RFA according to Cox proportional hazards regression; low Alb (Alb ≤3.5 g/ dl) levels (HR=2.821, 95% CI 1.359-5.857 P=0.0054) and high AFP-L3 (AFP-L3 ≥10%) levels (HR=2.138, 95% CI 1.087-4.207 P=0.0277) were the risk factors. High AFP-L3 levels (AFP-L3 ≥10%) had significantly lower recurrencefree survival rate than low levels on multivariate analysis (P=0.0277), whereas the other two markers levels did not show association.
Predictive factors for cumulative recurrence-free survival.
Discussion
The local progression rate following RFA alone has been previously reported to be as high as 17-35% over a mean follow-up period of 16-25.7 months (10-12). The local recurrence rate after RFA in this study was considerably lower (3.5% at 5 years) compared to previous reports, even though 23 (21%) of patients had HCCs larger than 30 mm in diameter. Real-time CT guidance is very useful for ensuring precise positioning of electrode insertion into the HCC nodules even if the lesion is located in the subcapsular or subphrenic region, and it is thus useful for obtaining sufficient ablation margins (30) . Despite good control of treated lesions, new tumors frequently occur in the different regions of the liver. Previous studies have reported intra-hepatic distant recurrence rates of 18.7-22.5%, 62.1-67% and 81-81.7% at 1, 3 and 5 years, respectively, after percutaneous ethanol injection therapy (PEIT) (31-33), 38 and 60% at 1 and 2 years, respectively, after RFA (34), and 18 and 52% at 1 and 2 years, respectively, after RFA or microwave coagulation therapy (35) . In the present subjects, distant recurrence occurred in 8.3, 19.3 and 66.3% at 1, 3 and 5 years, respectively, after the combination of TACE and RFA; these rates were comparable to those reported previously (31) (32) (33) (34) (35) . The recurrences of HCC decrease liver function and worsen prognosis. Therefore, it is important to detect and treat HCC recurrence in the early stage to improve prognosis.
Three tumor markers (AFP, AFP-L3, DCP) have been used in the diagnosis of HCCs (14) (15) (16) (17) (18) (19) (20) . The measurement of the levels of these three tumor markers provides additional important information for the management of patients with HCC. However, positivity rates of these three tumor markers for small HCCs less than 20 mm in diameter are as low as 20-40% and are thus unsatisfactory (27) . Over 30% of patients with small HCC are positive for none of these three markers (27) .
On the other hand, there are few reports concerning the significance and clinical utility of these tumor markers for determining the risk of and detecting recurrent HCCs.
At first, we determined the cut-off levels for the three tumor markers. AFP is currently the most widely used marker for diagnosing and monitoring the development of HCC (15, 22, 36) . It has a sensitivity of 39-65%, a specificity of 76-94% and a positive predictive value of 9-50% (29) . The higher the AFP cut-off level, the higher the specificity and the lower the sensitivity (37) (38) (39) . We set the cut-off level of AFP as 100 ng/ml, based on a review of several papers (9, 15, 28, 29) that reported that this level is suitable for detecting HCCs. In order to improve the specificity of AFP in the diagnosis of HCC, AFP-L3 has been developed. AFP-L3 levels had sensitivities and specificities that ranged from 36-96% and 89-94%, respectively, though for the diagnosis of small HCCs, the specificity is relatively low, around 20% (20, 28) . Pre-treatment AFP-L3 values have also been reported to be correlated with poorly differentiated cancer and poor prognosis (40, 41) . Another common tumor marker for HCC is PIVKA II, also known as DCP, which results from an acquired defect in the post-translational carboxylation of the prothrombin precursor in HCC cells. Using DCP levels, sensitivities for detecting HCC ranged from 23-57%. Overall, AFP and DCP have nearly equal sensitivity, although DCP has higher specificity (23) (24) (25) (26) . We set the cut-off level of AFP-L3 and DCP as 10% and 40 mAU/ml, respectively, based on previous reports (20, (23) (24) (25) (26) 28, 40, 41) .
In our subjects, the pretreatment AFP, AFP-L3 and DCP values were positive in 19, 23 and 41% of patients, respectively. The positivity rates of AFP and AFP-L3 seemed to be low, because 35% of HCCs are smaller than 20 mm in diameter. Forty-seven (44%) patients showed no elevations of any tumor markers, indicating that many RFA-treatable patients showed no tumor marker positivity. These results indicate the limitations of using tumor markers for detecting HCC.
Next, we analyzed these three tumor markers for detecting recurrent HCCs. The rate of AFP, AFP-L3 and DCP positivity did not increase in either the first or the second recurrence of HCCs. Previously it was reported that the AFP-L3-positive rate increased with recurrence. This may suggest that the diagnostic value of AFP-L3 increases during the clinical course of HCC (41) . However, the positivity rates for the three makers did not increase significantly with the first or the second recurrence.
The changes of each tumor marker and tumor marker positivity in each patient were examined according to recurrence stages. Surprisingly, no correlation was found for any of the markers between the pre-ablation values and the values at recurrence. Patients who were positive for AFP, AFP-L3 and DCP at the initial HCC did not always have up-regulation of the tumor markers at recurrence. Inversely, patients who Cumulative recurrence-free survival rates by elevation of pretreatment (B) Lens culinaris agglutinin A-reactive fraction of AFP (AFP-L3) in patients who underwent the combination of chemoembolization and RFA. The recurrence-free survival rate is significantly lower in patients with than without elevated pretreatment AFP-L3 levels (P=0.0231). Cumulative recurrence-free survival rates by elevation of pretreatment (C) des-Á-carboxy prothrombin (DCP) in patients who underwent the combination of chemoembolization and RFA. There is no significant difference between patients with and without elevated pretreatment DCP levels (P=0.0512).
were negative for AFP, AFP-L3 and DCP at the initial HCC did not always have tumor marker values in the normal range at recurrence. Presumably, these facts are due to changes in the properties and degree of differentiation of HCC cells, because HCC cells are very heterogeneous; multicentric occurrence is another possibility that may cause these discrepancies. Based on these results, these three tumor markers appear to be independently increased and all need to be measured to screen for HCC recurrence after RFA. The measurement of the levels of the three tumor markers provides additional important information.
Since local control is excellent, multicentric recurrence was more dominant in more than half of the cases of intrahepatic recurrence in our subjects (42) . Kumada et al (43) determined that 50.9% of recurrent tumors were multicentric in origin, and that 49.1% were intrahepatic metastases. Sugimoto et al (44) estimated that about 45% of recurrent tumors were of multicentric origin, with the others being intrahepatic metastases, based on either imaging findings or the above morphologic criteria. The present results suggest that multicentric recurrence is more prevalent after RFA.
Next, we examined the significance of tumor markers in recurrence-free survival and prediction of HCCs. Our study demonstrated that the cumulative recurrence-free rates after 2 and 4 years were independent of AFP and DCP positivity. However, the cumulative recurrence-free rates were significantly worse in patients with AFP-L3 ≥10% than in patients with AFP-L3 <10%. Pre-treatment AFP-L3 values have also been reported to be correlated with poorly differentiated cancer and poor prognosis (40, 41) . HCC patients positive for AFP-L3 (AFP-L3 ≥10%) have the potential for faster growth and early metastasis (45) . The elevation of pretreatment AFP-L3 levels significantly decreased the survival rate of patients who underwent RFA (21) . Our results suggest that elevated AFP-L3 levels reflect faster distant recurrence of HCCs after RFA.
Then, we examined several significant risk factors for disease-free survival and found that low Alb (≤3.5 mg/dl) Table III . Predictive factors for recurrence-free survival (univariate analysis). 
Alb, albumin; AFP-L3, Lens culinaris is agglutinin A-reactive fraction of ·-fetoprotein; AFP, ·-fetoprotein; DCP, des-Á-carboxy prothrombin; T-Bil, total bilirubin; AST, aspirate aminotransferase; ALT, alanine aminotransferase; PT, prothrombin time; Plt, platelet counts.
- ----------------------------------------------- Table IV . Predictive factors for recurrence-free survival (multivariate analysis). 
-------------------------------------------------Relative Factors risk 95% CI P-value -------------------------------------------------
-------------------------------------------------
Alb, albumin; AFP-L3, Lens culinaris is agglutinin A-reactive fraction of ·-fetoprotein; DCP, des-Á-carboxy prothrombin; AST, aspirate aminotransferase; ALT, alanine aminotransferase; PT, prothrombin time; Plt, platelet counts.
and high AFP-L3 (≥10%) were predictive factors for cumulative recurrence-free survival after RFA on univariate analysis. The risk factors for tumor recurrence-free survival after curative resection were reported to include not only tumorrelated factors, such as tumor size, nodule number and tumor location, but also liver-related factors, such as platelet count, prothrombin time, serum ALT and serum Alb (1,6,46,48) . The present study demonstrated that elevated tumor marker levels, especially elevated AFP-L3 levels, were also risk factors for recurrence after complete RFA. Multivariate analysis demonstrated that low Alb levels and high AFP-L3 levels were independent predictive factors for the cumulative recurrence-free survival rate.
In conclusion, tumor markers have almost the same utility for the detection of recurrent HCCs after RFA as for detection of initial HCCs. Therefore, it is strongly recommended that all three markers be measured to predict and detect HCC recurrence following RFA. Especially high AFP-L3 levels should be followed closely. In addition, other new markers will be needed to establish a more efficient strategy for screening, for early detection and for prediction of HCC recurrence.
